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Keywords BRCA mutation carrier · Mastectomy techniques · Reconstructive surgery of the breast · Prophylactic mastectomy Summary BRCA mutation carriers have a life-long breast cancer risk between 55 and 85% and a high risk of developing breast cancer at a very young age, depending on the type of mutation. The risk of developing contralateral breast cancer after a first breast cancer is elevated up to 65%, especially in case of BRCA1 mutation and young age at the first breast cancer. Since bilateral prophylactic mastectomy is associated with a risk reduction of 90-95% of developing primary or contralateral breast cancer, this option is a key point within the counseling process for patient information and shared decision-making of mutation carriers. Although the local control after breast-conserving therapy in mutation carriers seems to be comparable to that of sporadic breast cancer patients, individual patient information and counseling should include all alternative procedures of oncologically adequate mastectomy techniques and immediate reconstruction. Excellent cosmetic results, high levels of life quality, and good patient acceptance can be achieved with the recent developments in reconstructive surgery of the breast.
Introduction
Beside the life-long breast cancer risk of 55-85%, BRCA mutation carriers have a mutation-dependent high risk of developing breast cancer at a very young age [1] . Therefore, the role of breast surgery in BRCA mutation carriers comprises bilateral prophylactic mastectomy with various techniques of immediate breast reconstruction in healthy carriers and in breast cancer patients, as well as the whole spectrum of oncologic breast surgery within the concept of systemic and locoregional breast cancer therapy. Breast surgery in mutation carriers is always associated with intensive individual counseling and individualized decision making. Frequently, the information of being a BRCA mutation carrier is not available at the time of breast cancer surgery and the breast cancer therapy concept has to be planned considering a possible positive result. Several aspects of breast surgery in mutation carriers seem contradictory to physicians and patients and should be discussed. In terms of prevention, prophylactic mastectomy is the most effective way to prevent BRCA mutation carriers from developing primary or contralateral breast cancer, with a 90-95% risk reduction compared to the alternative option of intensified surveillance [2, 3] . But depending on country culture and the trends in counseling, the majority of healthy mutation carriers decide against bilateral prophylactic mastectomy. In fact, it is a very individualized decision. Several publications and the last Cochrane review on prophylactic mastectomy for the prevention of breast cancer published in 2010 report on the potential and the amount of risk reduction as breast cancer incidence, all-cause and breast cancer mortality, physical morbidity, and quality of life after prophylactic mastectomy. Altogether 38 publications with more than 7,380 women were evaluated and demonstrated that prophylactic mastectomy was effective in terms of reduction of breast cancer-specific mortality, reduction of breast cancer incidence, and life quality after surgery. Physical morbidity after prophylactic surgery revealed a complication rate of 20-50%, and data on overall survival of all causes was contradictory [4] . Esthetic outcome and life quality revealed even stable good results in terms of long-term satisfaction, with 90% of the patients being satisfied and willing to choose the procedure again even 20 years after prophylactic surgery [5, 6] .
In a recent large international survey study on preventive practices in 9 countries, 2,677 women completed a questionnaire 4 years after genetic testing, and depending on country of residence, there was a low overall rate of prophylactic mastectomy of 18% and a large difference in the uptake of prophylactic mastectomy. The highest rates of prophylactic mastectomy were seen in the USA (36.3%) and The Netherlands (32.7%), the lowest rates in Israel (4.2%) and Poland (2.7%) [7] . The highest uptake of prophylactic mastectomy was reported of unaffected Danish women with a 10-year uptake of 50% [8] . Predictive factors for the women's decisions for prophylactic bilateral mastectomy in several studies are young age and a strong family history as well as an own history of breast cancer and the type of surgery for the first cancer for contralateral prophylactic mastectomy [9, 10] . Again in contralateral prophylactic mastectomy, the uptake rates vary significantly between countries, with an overall rate of 27%, which is higher than in unaffected women; the lowest rate is reported from Norway (0%) and the highest one of up to 50% from the USA [9] .
Breast Cancer Surgery in Mutation CarriersTiming and Technique?
In terms of local control, breast-conserving therapy in the treatment of primary breast cancer of mutation carriers seems as effective as in sporadic breast cancer patients [11] or at most slightly elevated in a longer follow-up period of more than 10 years [12, 13] . But the optimal surgical procedure in affected BRCA mutation carriers remains controversial and individual. Bilateral and contralateral prophylactic mastectomy at the time of diagnosis should be discussed especially with young patients because of their high probability of contralateral breast cancer [14] and an associated possible survival benefit [15] . In fact, the decision is highly individual and has to be made with regard to oncological aspects such as tumor stage and tumor therapy, but also respecting the patient's wish. Within this context, it is repeatedly seen that patients even with advanced breast cancer seek for bilateral mastectomy and reconstruction to exclude the problem of local recurrence. In this situation, care should be taken that the timing of essential oncological therapies including chemotherapy and, whenever indicated, radiation therapy is placed upfront to complex prophylactic and reconstructive surgery, to avoid a possibly deleterious delay of therapy. In case of indicated chemotherapy, neoadjuvant application should be the preferred option due to several advantages. Neoadjuvant chemotherapy offers the possibility to control the tumor response since there is evidence that the chemosensitivity of BRCA-associated breast cancer could differ from that of sporadic breast cancer [16] . Platinum-based chemotherapy should be discussed as a neoadjuvant chemotherapy regimen, at least when a standard anthracyclin-or taxane-based regimen has been unsuccessful. Another advantage of delaying surgery with neoadjuvant chemotherapy is the additional time frame to discuss and plan the individual options of breast-conserving or ablative and reconstructive breast cancer surgery.
Mastectomy Techniques for Prophylactic SurgeryWhat Is Oncologically Safe?
If mutation carriers decide for prophylactic mastectomy, it is essential to offer them options of best surgical practice under oncological and reconstructive aspects, with the aim of optimal risk reduction and at the same time with an esthetically optimal result with high scores of life quality. Skin-and nipple-sparing mastectomy techniques with various esthetic incisions ( Fig. 1) are widely accepted as oncologically safe and Nestle-Krämling/Kühn associated with optimal cosmetic results. Due to data on oncologic safety from more than 2,845 patients [17] [18] [19] with a recurrence rate within the nipple-areola complex (NAC) of 0.9-2% and an overall local recurrence rate of 1.3% (followup of 41 months) up to 20.8% (follow-up of 156 months), nipple-sparing mastectomy has recently been judged as a safe procedure for prophylactic and selected therapeutic mastectomy indications [20] . But it should be underlined that a proper technique is required, with every effort to resect all visible breast tissue also behind the papilla and the areola. Pre operative accurate breast imaging, including mammography, breast ultrasound and magnetic resonance imaging (MRI), should enable the surgeon to localize the individual distribution of breast tissue and to anticipate the thickness of subcutaneous fat tissue that can be left safely to ensure blood perfusion of mastectomy flaps. In case of a retroareolar tumor cell finding in the definite histopathological report, the patient has to be counseled to have the NAC removed during a second surgery. But still more and prospective data should be acquired, and the American Society of Breast Surgeons has established a nipple-sparing mastectomy (NSM) registry in order to prospectively collect data on different parameters including oncologic safety [21] . Women carrying a BRCA mutation should be counseled about all individual appropriate surgical options and the corresponding expected amount of risk reduction between 95 and 98%. 
Best Choice for Bilateral Breast Reconstruction
There is evidence that autologous reconstructive breast surgery is associated with a more stable and esthetic result than implant-based breast reconstruction. But the majority of mutation carriers [22, 23] and also patients with sporadic breast cancer decide for implant-based immediate reconstruction [24] . This is accompanied by a recent fast development of new materials and techniques to improve long-lasting esthetic results in implant-based and mesh-or acellular dermal matrix (ADM)-supported breast reconstruction. Although there is still a lack of high evidence concerning the long-term safety, life quality, and best material or technique, there is a whole range of new materials such as titanized polypropylene mesh (Tiloop Bra ® ) [25] and partially resorbable mesh (SeragynBra ® ), as well as acellular dermal matrices (ADM) of porcine (Strattice ® ), fetal bovine (Surgimend ® ), bovine pericardial (Veritas add evidence to the last 5 years of experience with this technique in Germany.
For autologous reconstruction, the myocutaneous transverse rectus abdominis myocutaneous (TRAM) flap ( fig. 5 ) is a reliable standard technique, especially for cases with unilateral autologous reconstruction, e.g. in case of unilateral implant failure due to capsular contracture after radiation [28, 29] . In cases of bilateral prophylactic mastectomy and the patient's wish to have an autologous reconstruction, the microsurgical technique of double deep inferior epigastric artery perforator (DIEP) reconstruction is the preferable standard technique [29] [30] [31] [32] , unless there is not enough volume in the lower abdomen. In this case or in case of other contraindications for DIEP or TRAM reconstruction, alternatively sequential procedures of bilateral perforator flaps from the superior or inferior gluteal artery region [33] and a bilateral free gracilis flap are individual options.
Subspecialization for Bilateral Prophylactic Mastectomy and Immediate Reconstruction?
The procedure of an oncologically safe bilateral prophylactic nipple-sparing mastectomy with an immediate mesh-or ADM-based implant reconstruction or with a microsurgical autologous breast reconstruction by double DIEP flap or sequential superior/inferior gluteal artery perforator (S-/IGAP) flap is a complex and highly demanding surgical procedure. To date, there is no apparent subspecialization of breast surgeons for mutation carriers in their search for best surgical supply. Working groups and surgical societies are called upon to take care of advanced training and information of their members about new developments in terms of optimal surgical prophylaxis and treatment of mutation carriers. In Germany, societies and working groups aim for a transparency of quality in breast surgery as a step to solve this problem. Examples are the recent introduction of a certified 'breast reconstruction center' by the German Society of Esthetic and Plastic Surgery (DGPRÄC) and, as early as in 2005, the initiation of a certified 'specialized breast surgeon' by the Working Group of Esthetic, Plastic and Reconstructive Surgery in Gynecology (AWO-gyn) [34] . For the group of women with hereditary breast cancer risk, the BRCA network is counseling other affected women. Finally, within the German Consortium of Hereditary Breast and Ovarian Cancer, a working group on prophylactic mastectomy was initiated in 2010, together with representatives of gynecologic oncologists, human geneticists,
